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ABSTRACT 

Suggested in this paper are priori-ties for the role 
of cognitive psychology in science/mathematics curriculum development 
and 'teacher education. Areas discussed include: (1) science education 
as a national concern; (2) how ra^jid advances in science knowledge 
and cognitive psychological knowledge have created a sense of urgency 
about developing a modern "science of science education"; and (3) the 
impact of cognitive psychology on science and mathematics education. 
Considered in the latter area are: a framework for a science of 
science education, advances in cognitive psychology important for a 
science of science education, findings from cognitive psychology of 
Thterest to curriculum developers and teacher educators (including 
the development of alternative conceptions), and likely concerns of 
cognitive psychology, such as research on the organization of the 
mind, which may have a profound impact on the science of science 
education. (JN) 



************************************************* 

* Reproductions supplied by EDRS are the best that can be made 

* from the original document, 

****************************************/***************************** 



EL^££Qi£iiaD 12 National CQaais-siDD QQ 



The Importance of Cognitive Psychology in Curriculum 
Development and Teacher Education 

• Karcia C. Linn 



Adolescent Reasoning Project 

Lawrence Hall of Science ™™^V^™ 

University ot California « educational resources inforvatign 

Berkelevt California 9^720 7 centered 

* V TKa document has beei 'ep'octuced M 



received from the person or o^^oo* 
originating it. 
£ Minor change* have been made to mipwt 
rtproducton quat.ty. 

• Points of view or op«o»ons stated «n f. '<% docu- 
ment do not necessity uuescr.t otf»c"«t NIE 
position or pottcy. 



In cal/ling for continued Federal support for cognitive 
psychological research which impacts on science and- 
mathematics education I draw on twelve years of experience 
evaluating science and mathematics education progress and 
conducting cognitive psychological research specifically 
designed to aid teacher educators and curriculum developers. 
In order to maintain our excellence in science and mathemat- 
ics education, we must maintain the impact of cognitive 
psychological research on curriculum development and teacher 
education. This paper suggests or ior c t ies . f or the rcls of 
cognitive psychology in curriculum development and teacher 
education in 1982. 

He need an empirically based, rapidly developing &ciz 

£D££ 2f S£i£aC£ fcdycaiiSD. informed by cognitive psychology 

to ensure our leadership in this field. Developments in 

cognitive psychology which have influenced the current sci- 

"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS_ BEEN GRANTED BY 

, 2 ~~~ 

' ' ' " TO THE EDUCATIONAL RESOURCES 

INFORMATION CENTER (ERIC)," 



ence of science education and which could potentially revo- 
lutionize a future science of science education are del- 
ineated. Before describing a seises sf science £SiU££iiaElf 
however? I discuss why science education fs a net ion^l /con- 
cern and how the rapid advance in science knowledge and cog- 
nitive psychological knowledge create a sense of urgency 
about developing a modern science of science education. 

S£I£NC£ FQU£AI1QN IS A NAIIQN&L QQ&QESfcJ 

The strength of the United States vlies in its technol- 
ogy* A major component of our national defe^se^J^our 
advantage in the area of technology. Excel-Vencje^ln sciencie 



education ensures that we can continue^to jnai nt a In our tech- 
nological advantage. Our advantage In science, education 
stems* in part> from cognitive psychological research. 

Evidence for the^yeliifc of American technology^comes 
from recent crimes. Alleged thefts of microch ip^frcn com- 
panies in Silicon Valley* reportedly engineered by the 
Soviet Union* attest to the value of American technology. 
Pur technology is sufficiently important to foreign govern- 
ments! that they appear to engage in crime to accuire it 
(San EtaQClSce CtQDiclSif March* 1982). 



This conclusion stems from examination of high technol- 
ogy surveillance equipment originating, iff the SovietJUnion 
and recently confiscated off the East Coast of the United 
States. This Soviet surveillance equipment was fcund by 
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fishermen and was -turned over to the Defense Department. 
Fngin*ers in the Defense Department dismantled the ecu I pine nt 
and discovered £hat the microchips used in the eouipment 
were American in origin. Thust It appears that our techno- 
logical advances are being stolen by the Soviets to provide 
• components for their most sophisticated surveillance equip- 
ment. Although science education may not prevent Interna- 
tional crime* excellent science education mayt at least* 

♦ 

--^tftTvate foreign governments "to desire American technologi- 
cal expertise. 

A threat to science education In the United States Is a 
threat to. our national security. When science education 
became a national concern we dramatically upgraded our sci- 
ence education programs. CurFent declining funding for sci- 
ence education research and development comes at a tine when 
we have shortages of qualified computer programmers and 

engineers. To ensure modern educational programs we must 

> 

support science education research and development informed 

by cognjjj-ve--- p-sytlioTogyT 

RAPID AQVANQE IN £CI£NC£ ENQWLEQ££ £Nf) 
CQGmiJiE. ESICBOLCfilCAL &US!ELEa£t 

He heed to maintain and expand our expertise in science 
and mathematics^ e3ucat-ixm — ana""bur ability to incorporate 
£dv;^e<ri^ psychology. Our science education 

programs must reflect rapid changes In sci&OCfi knStflC£££ on 



■A 



the one hapdt and in £QQni£iV£ B§¥£hQL2£i£2l kOfiylt^SlS on 
the other. Our scientific knowledge is rapidly advancing. 
Similarly! our cognitive psychological knowledge is rapidly 
advancing. He must continually incorporate these advances 
into our science of science education programs. 

Recent advances in science knowledge includes a) the 
development of the microchip and the addition of home com- 
puters to many households in the Uni ted States » b) Hhe syn- 
thetic production of insulin and other important biochemical 
substanceSf and c) the ,use of high powered lasers to ignite 
thermal-nuclear fuel . These and other advances have 
cccur red after a large number of our citizens have, taken 
their last science course andf indeedf have left school. 

An important aspect of science education is to develop 
in our citizenryt the ability to update their science 
knowledge after leaving school in order to maintain their 
science literacy. We need a citizenry that seeks and dig- 
ests information available in magazines such as Ei£C££fcLf 
l£i£D££ S2» and 2u£St» and In books published in the techno- 
logical area. We might develop science curricula for infor- 
mal learning environments such as science centers end com- 
munity education centers^ In order to accommodate rapid 
advances in science knowledge we must revise our science 
education progra-ns for schools. 

Rapid advances in cognitive psychology can cteatly 
enhance our science programs. Herb Simon at Carnegie-Frl! on 
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University refers to the r ecent\advances in cocnitive 
psychology as "a revolution" (Simon.N^BO) . Don Norman at 
the University of California at San DiegoXpoints out that 
cognitive psychologists ure now studying «reX> learning" as 
opposed to the sorts of problems that have been\studied in 
the past (Norman. .1981). Psychologists can noXonger be 
accused of focusing on nonsense syllables or the behaWr of 
rats, Cognitive psychologists offer us guidance; for teach- 
ing complex concepts and real problem solving. 

Recent advances in cognitive science include e) chess 
playing machines' which can beat master chess players, b) 
explanations of compl ex prpbl em solving such as he behavior 
required to conduct a medical diagnosis or phyiics experi- 
ment, c) instructional programs which diagnose and respond 
to individual differences in the rate of learning and in the' 
errors that the learner js likely to make. These advances 
are critical to our science and mathematics education pro- 
grams. These findings from cognitive science enable us to 
rapidly increase our expertise in science and mathematics 
education. 

To maintain our expertise in science education, a 
. Daticnal concern, we need continued Federal support for cog- 
nitive research focused on issues relevant to science and 
mathematics curriculum development and teacher education. 
Dur expertise in cognitive psychology is a national 
resource. He export our expertise: Those in cognitive 



ERJC 



psychology regularly receive reprint requests and invita- 
tions to present their work from the International ccrnnun- 
i ty • We needt also? to utilize our expertise. 

HQH 0CE5 CQ&fclimE ESICUaLQfil 
IMPACI ON SCIENCE AND MATH£^AT!QS £&UCATIDN? 

There are two important waVs that advances in cognitive 

psychology impacts on science and mathematic* education* 

First t cognitive psychology provides a framework for e sci~ 

ence of 'science education. Second* advances in cognitive 

psychology can suggest ways to enhance our expertise in sci- 
ence education. 

A Eramp^Qcli let § Science 2 f Scig.D£S EdU£2ti2D 

Curriculum development and teacher education efforts 
will be most successful if they benefit from re levant 
successes and failures. Only by accumulating our knowledge 
can we continuously enhance our science and mathematics edu- 
cation programs. k Thus* we need to think of science educa- 
tion as a science. The science of science education builds 
^nowledg* of how to improve our curriculum efforts end our 
teacher education programs. % 

Recent advances in cognitive* psychology emphasis the 
need for more empiricism in science education curriculum 
development and teacher education. Examples of curriculum 
development efforts at the Lawrence Hall of Science 



emphasize the Importance of empiricism in curriculum 
development efforts. Typically, activities developed at the 
Lawrence Hall of Science go through three to five revisions 
before they are ready for classroom use (e.g., Health 
Activities Program Newsletter, 1976-1980). These revisions 
increase the effectiveness of the materials in fostering 
learning. We need to apply this model of empirical test and 
revision to development of new programs, especially programs 
incorporating recently available technology such as personal 
computers. 

Currently, computers are largely being used for drill 
end practice 'In educational programs-far from their full 
potential. Empirical research is needed to determine how 
computers can best be used I n science end mathetnat ics pro- 
grams. In teacher education we have developed, over the 
years,' better understanding of how to train teachers. Con- 
tinued empirical investigations ensure that our -teacher edu- 
cation programs are continuously updated. 

At the Lawrence Hall of Science we have developed (over 
the past 20 years) expertise in curriculum development and 
teacher educatioj^by determining which aspects of our pro- 
grams are successful and which aspects are unsuccessful. We 
can be seen 'as engineers of science curricula and teacher 
education programs in that we tinker with these programs 
unt i l~ThTy~b e come e f fe^tTv^ecTueart Icna-l-torols^ ~ 

The Lawrence Hall of Science has gained expertise in 



scljence and mathematics education. First drafts of curricu- 
lum materials and teacher education materials are far better 
than first drafts developed years *go. This expertise also 
convinces us* however * that curriculum, mater ialst teacher 
workshop plans f and exhibits for the Lawrence Hall cf Sci~ N 
ence when they are in their first version are Indeed first 
drafts. Like all other first drafts f they are in need of 
revision. As we develop expertise* we* become morei rather 
than less aware* of the need for revision based on feedback 
from pilot tests of our materials. 

uur gains in expertise in science education mean that 
we answer some questions and pose new questions. Whereas 
early science curricul a concentrated mainly on presenting 
the science concepts effectively* we now attend tc addi- 
tional issues and especially issues suggested by cognitive 
psychologists^ Thus* we can pay attention to tailoring our 
activities to differences In students. We are able tc pro- 
vide* within the science and mathematics community* oppor- 
tunities for students who learn at different rates to gain 
from the program. In addition* we can provide ways to 
tailor activities to the needs of handicapped students. 
Similarly* in the area of teacher training* we can net" only 
train teachers to consider the characteristics of learners 
in providing instruction but also we help teachers to recog- 
nize which learners are In need of help and to diagnose the 
type of help that is likely to be needed. For example* we 
can help teachers recognize the errors or misconceptions 



their students are likely to have. Thus, our expertise in 
the area of science education, informed by cocnitive 
psychology, enables us to consider more difficult problems 
than we were able-to consider in the past. ■' • 

Advances in Coaaitiita Esycholacy 
ImBSCifillt. tQL £ Science of Science. Education 

Cognitive psychology provides us not only with a fraie- 
work for a^ science of science education but also with 
research findings which can rapidly enhance our expertise in 
the science of science education. This expertise Mhancfc* 
rent occurs because we use clues from cognitive .psychology 
to guide our science of science education* 

Cognitive psychology and the science of science educa- 
tion enhance each other. Cognitive scientists frecuently 
select problems from science education wtyich have perplexed 
science educators (e.g.^ Siegler, 1976, Proportional Reason- 
ing). Similarly* science educators pay attention to cogni- 
tive scientists because cognitive scientists have addressed 
issues in problem solving, such as planning, 'which are also 
of concern to science educator^ These two f iel ds r rcvide 
important evidence for each other. 

Three categories of input from cognitive psychology 
suggest how cognitive psychology can- impact on the science 
~ of science education. Fi rstT^r-documcntsd f Indings "fTcm 
cognitive psychology are useful for science educators. 
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Secondt current research in cognitive psychology can Irrpact 
on science curriculum development* Thirdt certain problems 
In cognitive psychology couldt if resolvedf greatly enhance 
che science of science educat ion. 

4 

Many well -documented findings Tn cognitive psychology 
are of great interest to curriculum developers and teacher 
educators. One advance concerns the 1 limitations on human 
processing capacity. In 1956 f Miller suggested that hunans 
are able to process about seven things s imul taneous* refer- x 
ring to "the nagic number .seven plus or minus t*o f '. 
Killer's message was that human processing capacity is lim- 
ited. In 1967t. George Mandler suggested that the was 
more accurate than the W +2 W and that in factt individuals 
are really likeiy to process only about five things at the 
sane time. By 1981* Herb Simon suggested that humans could 
only process about two chunks of information at the same 
timet and that this limitation appeared to be fairly univer- 
sal fron one orsblein to another. Limitations on human pro- 

M 

cessing capacity arc well established ~ hopefully thr down- 
ward trend is definitional. 

Whatever the limitation of human processing capacityt 
its existence is important for those designing curricula and 
providing teacher education materials* Science-curriculum 
developers and teacher educators are concerned with the lim- 
itation on human processing^ capacity. During tests of 



curriculum materials and teacher education materials, LHS 
staff frequently focus the presentation on only the most 
essential information, and on whether recipients can ' 
comprehend the intended message. Trials determine how much 
information overloads the processing capacity of program 
recipients. 

Fxanples of curricula that overload the human info-na- 
tion processing system abound. Clearly, understanding of 
human processing capacity limitations requires more wide- 
spread attention. Ke need better ways to present rotplex 
information without creating overload. Cognitive psycholog- 
ical research has suggested issues, such as processing capa- 
city, which help developers streamline the development pro- 
cess • 

E-cctot Eiadiass. feca; CQ£aitiv£ Psy.cbpJ.23Y 

Specification of processing procedures used by problem 
solvers, a recent trend in cognitive psychology, has broad 
Implications for a science of science education. Research- 
ers have characterized how learners construct the knowledge 
they display. This research tells science curriculum 
developers and teacher educators why learner.s develop alter- 
native conceptions of phenomena and events and explains ,.hy 
these alternatives often persist in spite of contradiction. 

Re sear cher-s f-oUow i ng thft-laflUUtftf on- Hggsslnfl^per^ 
spectlve develop understanding of the performance of indivi- 
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duals tfhils. they solve problems* This approach includes 
consideration of problem solvers' errors* behavioral 
responses* such as e^e movements* and, verbal responses i such 
as "thinking aloud M «^ATT of this information is considered 
in explaining how the problem solver approaches and proceeds 
in resolving the problem. Frequently* computer simulations 
ere used to validate information processing hypotheses sug- 
gested by the cognitive psychologists. This approach is 
especially useful for sc ience educators because it gives 
considerable insight into' how learning proceeds and how 
interventions might be viewed by the learner. 

An important factor* when learners construct knowledge 
of a situation* concerns the role of beliefs and expecta- 
tions. For examole* in research on the ability to control 
variables (Linn 5 Swiney, 1991; Linn* "Client y & Pules* in 
press* Karplus* Karplus* Formisano* 8 Paulsen* 1977) 
researchers find that most adolescents can sometimes conduct 
controlled experiments but do not always conduct controlled 
experiments. A controlled experiment occurs when the vari- 
able under investigation is changed and all other variables 
are kept the Same in two trials. So» adolescents micht con- 
trol variablejs when designing an experiment to determine 
which of two. toothpastes is the best, but not control var i- 
ables when determining which of two rods bends the most. 

Linn and Swiney (1981) found that beliefs, influenced 
the unevenness in performance because individuals controlled 
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the variables that they thought were important. For exam- 
ple, in experiments having to do with the -expansion of 
springs, respondents were more likely to control the weight 
hung from the spring than they were to control the iraterial 
which the spring was made from. Frequently, subjects indi- 
cated that they didn't think the material was important 
because all the springs were in fact made of metal. Exami- 
nation of the errors that the students made and their expla- 
nations for the errors indicated that feali&f. in the impor- 
tance of the variable explained why they controlled vari- 
ables in some situations but not in others: Jhey controlled 
the variables they believed were important. 

Another important aspect of how Veasoners construct 
knowledge is that reasoners develop alternative conceptions 
for phenomena, they do not respond capriciously. An exanple 
involves Predicting Displaced Volume. The task is illus- 
trated in Figure 1. In this task, subjects are told that 
there are two metal blocks, both of which sink when i«rn.ersed 
in water. They are asked to predict which of the two blocks 
will displace the most liquid. when immersed in water. A 
typical student (referred to as John) responded as illus- 
trated in Figured What alternative conception i s John 
using to predict which of the two metal blocks will make the 
water go up higher? 

. V 

Fiaure 1 about here 



/ a 

I ' 1 A 



John's responses indicate that his alternative concep- 
tion is "The greater the weight of the solid immersed in 
water t the more liquid it will displace." Thus, John uses 
what we refer to as the weight conception for predicting how 
much water. Will be displaced. For a more detailed discus- 

i 

sion of this task, and the alternative conceptions used by 

/ 

subjects, see Linn and Pulos (1981). 

Another typical stude.nt, referred to as Susan, 
responded as shown in Figure 2. Susan's conception is more 
complex than John's. Essentially,. Susan's conceptions is^ 
"If the blocks differ in size, then the bigger one makes,, the 
water go up higher, and if the size of the blocks is the 
sane, then the heavier one~"ma*es the water go up higher". 
Linn and Pulos (1981) frequently found this response among 
twelve- to sixteen-year-ol d. adolescents. 



Figure 2 about here 



Information processing research helDs us understand 
that learners generate alternative conceptions rather than 
simply wrong answers. John's and Susan's responses to the 
Predicting Displaced Volume task tell us ho* they each solve 
the problem. Generally, students are consistent in their 
responses. 'Susan and John, are not just wrong about what 

• * 
* 
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factors influence Predicting Displaced Volume, each have 
consistent . alternative conceptions for Predicting Di«p.la.ced 
Volume (alternatives to the correct answer that the volume 
of the block is the only factor which influences hew much 
liquid is displaced). If the educational program attempts 
to remediate each of these and other comrron alternative con- 
ceptions, the instruction will be enhanced. 

Why do learners have alternative conceptions for 
Predicting Displaced Volume? In general, their beliefs 
about weight contribute to their performance: they expect 
weight to be ilfluential when it is not. Weight is cften a 
variable in other domains. Individuals solving Predicting 
Displaced Vol-ume may use an improper analogy and expect that 
weight is important in Predicting Displaced Volume becaTTse 
it is also important in how far an object moves when nit by 
another object or how much one's toe hurts when something is 
dropped on it. Thus, individuals may have beliefs about the 
role of weight which they bring to this situation. The role 
of alternative conceptions and of be! iefs which rel ate to 
them deserve serious consideration in the planning and exe- 
cution of science education curricula and teacher naterials. 

Is it easy to alter the students' expectations concern- 
ing the role of weight in Predicting Displaced Volume? If 
teachers demonstrate that weight is not a variable Xn this 
situation do most students accept this pr onouncerrent and 
„.ove on to the next task? Fvidently not. Predicting Dis- 



placed Volume is a topic in most science curricula in 7th 
end 8th grade, yet over 50% of 12th grade respondents to 
this task use an incorrect al ternatl ve concepti on .whi ch 
involves weight in some respect (Linn S Pulos, 1931). 

We conducted an investigation to test the rcle of 
instruction in changing respondents' conceptions of Predict- 
ing Displaced Volume. We demonstrated how much water was 
displaced by solids of varying size and weight in about ten 
minutes of instiuction for subjects who Initially used a 
weight based alternative conception for solving Predicting 
Displaced Volume (Pulos, de Benedictis, Linn, Sullivan, I 
Clement, 19S2). One subject, when confronted with a con- 
tradiction to the weight conception responded:,. "Humm, the 
water went up the same in both the containers even though 
one of those cylinders weighs more than the other. Ycu must 
have magic water." 

This subject felt that the experimenter was being 
tricky and using water that didn't have the usual -proper- 
ties. The subject believed that wright was an important 
factor and was willing to suggest that the experimenter *as 
using magic water in order to defend the role. of weicht in 
Predicting Displaced Volume. It should be noted thet tena- 
cious defense of erroneous ideas has proved valuable in the 
history of science (Lakatos, 1972), so tenacious defense of 
ideas concerning a scientific phenomena may not be totally 
inappropriate. However, in Predicting Displaced Volutie, 



weight does not determine displacement. This view needs to 
be remediated so the individual can pursue other quest 'fens;"" 

How can identification of alternative conceptions and 
of the role of beliefs in problem solving help develop the 
science of science education? Investigations which illus- 
trate subjects' information processing procedures provide 
teachers with better insight into how their students might 
perform in the classroom. In the Predicting Displaced 
Volume exa-nple, students' alternative conceptions are con- 
sistent. These students are not just wrong, they actually 
have a set of alternative conceptions and beliefs which have 
worked for them in many situations end which they tena- 
ciously protect. Susan's conception, for example, actually 
works quite well in helping her predict how much voluircwill 
be displaced. Only when two solids of equal size but 
unequal weight are presented can we discern that Susan, in 
fact, has an alternative conception for Predicting Displaced 
Volume. Teachers need to be aware of alter native concep- 
tions in order to provide Instruction that focuses specifi- 
cally on the errors that students are likely to make. Cur- 
riculum developers need to incorporate attention to beliefs 
and to alternative conceptions to provide effective mater i- 

- a Is. 

LikfeLy C2D££CQ£ t Qf Cognitive Es^cllSlQay 

There are important unanswered questions ?n ecrnltive 
psychology which, if answered, could greatly enhance science 
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education. For example* cognitive psychological research 
could impact on science education by understanding the 
organization of intellectual structures in the mind. The 
organization of Intellectual ' structures determines hew the 
individual comes to select certain Information and net other 
Information in solving a problem. Questions include, bo* do 
individuals decide which information is relevant to a prob- 
lem? and How do individuals add new knowledge tc their 
ideas? Organizations of intellectual structures are of 
current interest to cognitive psychological researchers. 
Researchers are. grappling with these questions and have put 
forth a number of ideas which may eventually impact on a 
science of science education. 

For example, many researchers have considered the role 
of experience in the organization of the intellect. Simon, 
in studying how expert chess players solve' problems, has 
modeled how chess experts use experience in computer simula- 
tions of chess playing. His hope was that this model might 
enhance v the chess playing capability of the computer. In 
attempting to build this model, Simon has uncovered ways of 
representing the relationships among intellectual structures 
and the role of experience in the forming of these relation- 
ships. However, his experiments are only a first step in 
understanding this important problem. 

Similarly, D iaget has grappled with the role of experi- 
ence in the development of intellectual structures (e.g., 



Piaget, 1971 t 1977). Piaget suggests that the. naturing 
individual conies to abstract strategies from exper ience. 
However* Piaget acknowledged that this experience was nei- 
ther necessary nor sufficient for the development of intel- 
lectual structures. Piaget recognized the importance of 
this problem and offered some insight t but not a solution to 
the difficulty. 

Other approaches to understanding of how the brain 
organizes information come from the study of neurosc ience. 
Ultimatelyt in order to answer this quest ion t col latcration 

etronq neuroscienti sts » coanitive psychologists..* and those 

i 

studying the acquisition of specific knowledge* such as sci- 
ence educatorst will be required. Answers to this cuestion 
will offer important insight into how we conduct science 
education. Clearlyt science education which fosters effi- 
cient organization of the mind t would greatly enhance pro- 
ductivity and science literacy. Thus* research .on the 
organization of the mind could ultimately have a profound 
impact on a science "of science- education. 

\ 

SUMMAS3C 

Science education Is a national concern; our national 
defense depends on the effectiveness of our science educa- 
tion, prdgrams. Our expertise In a science of science educa- 
tion Is a national resource. A threat to science education 
is a threat to our national security. 

* » 
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To maintain and enhance this' national resource* Ke heed 
to enhance our empiricism ?n tht* science of science educa- 
tion by incorporating findings from cognitive psychotopy 
into our science of science education. Findings from cogni- 
tive psychology haV^ impacted on science educat ion ; current 
issues in cognitive psychology will ul timatel y enhance our 
understanding of science education* We need science educa- 
tors concerned with findings in cognitive psychology to 
incorporate these advances into a science of science educa- 
tion* 
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Water Glass Puzzle: John's Response 

Note: John was told that all blocks sink 
and are completely covered by- water 



Blocks A and B are the same size. Block B weighs more than Block A. 




10 oz. 




Wh 



jch block will make the water go up higher? 

r 

~,Block A 
Botn the same 



2. Block C Is smaller than Block J). Block J) weighs more than Block £. 
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15 oz. 

Which block will make the water g Jp higher? 
Block C • ' • 



Both the same 
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Block B is larger than Block A. Block A weighs more than Block 13. 




Which blo ck wM 1 m ake the wat er go up higher? 




Block £ 
Both the same 



Block C is larger than Block Both blocks weigh the same, 




15 02. . 



15 02. 



Which block will make the water go up higher? 
Block £ 
Block 0 

D - 



Q 



Both the same 
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Water Glass Puzzle: Susan 1 s Response 

_ ^ ...*_. 

Note: Susan "was told that all blocks sink 
and are completely covered by water 

Block A Js larger than Block IB. Block A is heavier'than Block B. 




Block £ 

Both the same 



Blocks C and D are the same size* Block C weighs more than Block D 




Which block will make the water go- up higher? 




Both the same 

9 A 



Block A is larger than Block B_. Both blocks weigh the same. 




Block D is larger than Block £. Block C. weighs more than Block JD. 




Which block will make the water go up higher? 



Block C 




Both the same 
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